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FOREWORD

Ig conduc:ing cae research descrided ia this report, the investigator(s)
adhered to the "Guide for the Care and Use of Laboratory Animals,"
prepared bv the Committee on Care and Use of Laboratorv Animals of

che {ns:?:u:e of Laboratory aAnimal Resources, National Research Council
(DHEW Publicatiom No. (NTH) 78-23, Revised 1978). |

For the protection of human subjects the investigator(s) have adhered to
policies of applicable Federal Law 45CFR46.
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A. contract Background

The principal investigator was awarded o o cbract foom the USAMRDC
te run from 1 March 1979 to 31 Devember 1380, #%he SsCope ot this contract
included preparation and testing of a tilot vacoine to }_xndumunan
aeruginosa infections up to the human trial stage, i(vLJuxr;;ﬂ~Bt Gsays
for measuring the antibody resvonse of immunizec oad intected individuals,
testing of the immunogenicity ot the vaccine poroduct in animals, assens-
ment of the material in compromised animal Lost models as a protective
agent, assessment of cell mediuted protec ive mechanicms induced by the
vaccine, including in v:txo cellular studic:, dotormivations ol ‘he aenetic
basis of response to the vaccine in inbrod wmouse stroine:, and asaessment
of the role of lipopelysaccharide (LPS) as an lraianogenic or niolegically
active component of the vaccine. The vacoine - o Lighi molecular wergnt
polysaccharide (PS) material isolated from the outer celi arface or
cultural supernates of P. aeruginosa (i). Simiicr types o0 polysaccharides
have been shown to be effective vaccines ror a rmbor of bacterial infectious,
such as meningitis caused by Neisseria meningiticis and pneumonia caused by
Streptococcus pneumoniae. ince P. acruginosa infections are common compli-
cations of wound and burn fnjuries that occur in military combat, this
high molecular weight PS product is being developed as a potential pre-
ventative measure for these infections.

B. Progress of Vaccine Development and Preparation

Our contract proposced to prepare, by our pruoviously described method (1),
a high molecular weight PS preparation from imwunotyve 7 (I'-7) P. acruyginosa,
test this product for chemical composition, serological acLEvjtyj-i?w{ﬁﬁiﬁ]?f&ity
and protective cfficacy in mice, determine its molecuilar size, and test its
toxicity in rabbits, mice, and guinea pigs. IT-7 D, Jeruginosd was originally
chosen because the PS antigen from this molacule ap'oared to have the greatest
degree of cross serotype protective efficacy in animal protection tests. In
addition, there appeared to be a high degrec of bhiading in both a solid phase
radioimmunoassay (SPRIA) and radiocactive antigen binding assay (RABA) o! antisera
to all 7 Fisher type strains to the IT-7 PS nticen. However, attempts to
pruduce a vaccine from IT-7 were problcematical, inciuding low yiclds and sero-
logically poorly active material. Ir addition, fracticnation of the T-7 s by
ion exchange chromatography on DAL Sephadex columas revealed up to 9 distinct
fractions of either secrologically or optically (adserption at 206 nm) active
material. These fractions were all tested for their protective cftficacy in
mouse immunization-challenge experiments, and the results were disagpointing.
None of the fractions showed very good protective oriicacy. As a result, we
decided to develop the vaccine from the IT-1 strain of P. acrucinosa. We have
had the most experience in working with the IT-1 strain, and had consistently
good yields of PS antigen from this strain. IT-1 P. acruginosa alsce shows an
almost equal degree of cross serotype protective effludé;—szmdo es I7-7 in
mouse immunization-challenge experiments, and ofters the advantage that the
serologic activity of this antigen is readily de . troyed by treatment with
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A% dilute alkali at 37°C for 2 hrs. 7This treatmen' docs ot affect g set ot

fti serologic determinants on the LPS from IT-1 I'. acruainose thals are distinet
e from the PS determinants (IV-1 PS scrclogic dete eminents e all exprensed
L" on the IT-1l LPS. Their relation and chemical Jdi“terences are documented

fi in the lst annual report on this contract).

i{ Thus, preparation of the trial vac:ine prod.ct frem I'f-1 P. oaeruginosa

-': has been done. We have tested the product in accoraance with F()()-(_l«:-l:l—g_b-!::ll.«—}_
a Administration (FDA) requirements for preclinicel saiety, toxicity and

L J sterility standards, prepared and submitted i investigat ional New Drug

‘ﬂz (IND) application to the FDA (FDA Form 1571), vreparcd o otinical pharmacology
ALY protocol (FDA Form 1572) to cest the materic! i humaa., cotified the Surgeon
}: General of the United States Army in accord ~itio our contract obligations,

0y as well as notitied the U U, Army Human Use Review OUlice oY our IND
i‘ application. This application i appended to ti o anaal repoart. In the
N FDA Form 1571 we have docunented the tollows s

e

{i- 1) Preparation method of mate. jal

t’: 2) Chemical analyses of tinal prodet

: N 3)  Immunological and serological proveviics of the

8 final product

. 4)  Animal toxicity results of tue 1inal product

i:: 5) Sterility tests on tihe rinal product
;;2. In order to avoid repetition an! tor brevitios sake, these data are not
ﬂf:» repeated here in the annual report.
&x Further progress on the development und preparation ot the wvaccine not
:{ documented in the appended IND application inclueies determination of lot to lot
;: variation in vaccine production, and improved vaccoine product isolation tech-
’:j: niques. In order to ascertain the variability in c¢hemical composition and

{:- immunological activity, three different lots of 1T-1P$ vaccine have so tar
')' been produced. Results on the chemical composition, mouosaccharide components,
A and serological activity of these preparations «re presented in Tables I, II
T{; and IITI. The lot designated VL-III was the one iven to the Massachusetts

~:3 State Biologics Lab for bottling as our vaccine !for eventual buman use. Two
- more lots of this product are scheduled for peovitcticn Auring the current

:; contract year iin order to establish lot to lot wariation limits,  However,

.' because of the closely related results ror Lot Vi-i, VI~1i and VL-iil, we

’:; felt confident enougnh to use lot VL~TIT in hav: trials,

*-"2 We attempted to improve PS isolation tecani raes ry asc of ultraritoesed
‘}: media (Trypticase Soy Broth, TS3), variations i 2he acobic acid stoougth used
e during the LPS hydrolysces step,  use of a oitlerent moleculer sieve column

]i' {a Scvphacyl 5-300 versus the oid Sephadex (-100), aad rreduction of Fsoin

3 defined media consisting only of salts with .t carbon, nitrogen and saltar

ﬁ:: source. These tests were all completed with the tollowing results:

ol
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% . TABLE 1

‘.Q T oTTTTTE ST ot - . - o e T - T
e
- Chemical Composition o I'-1 1

. Lots VL-1, VL-TI, aud Vi-iLr

¥

Yo COMPONENT AMOUN Y
S —_— - e e

-

= VL-I vis1l VicLil

Carbohydrate 72.3 719 73.5

‘..‘la

X¢

3 Lipid <0.5 <0.5 <0.5
> Phosphate <0.5 CQ. 5 0.5
v

. Nucleic Acid 1.1 I 0.8
'.-\'

‘o

::-.‘ Protein 0.7 1.1 0.9

~

o
( : Water 23.1 o2l 22.2
(e -

) 4'_' e o e e = e e e —_——
."’,

represents weight percent
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TABLE 11

Monosaccharide Compositicn of
1T-1 PE Lots VI-I, VL-II, and Vi-TI1

MONO3ACCHARIDE

Arabinose

Rhanmnose

Mar.nose

salactose

Glucose

AMOU T
VL-T RATRR! Vi-1ll
6.8 5.1 6.1
4.1 3.1 3.4
60.0 ! 62.2
19.1 21.0 19.8
7.2 7.9 8.5

3] - .
represents mole porcent of rotal moles identitie.ld
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TABLE 1Tt

0
AR A
.

_s Serologic Activity of IT-! i3
. Lots VL-1, VL-II, and VvI-lil

.
PN

i { TR
St

. DR R I

B
y ‘.
AR

ASSAY ANLIEN 10T

PR
"
<
c
I
—

|

Vi-l1d Vi1l

Py

Immunodiffusion
y Titration 0,125 Q. 125 0.063

-~ lHemagglutination
- Inhibition

@
<3

|

»

ﬁ('

”
b

represents lowest concentration in my/wl giving visiole
precipitin line

]
5y % "
AN

T

{
A

', represents log7 dilution of a 1 my/ml solution showing
N positive hemaggiutination inhibition
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{;g 1) Usec of ultratiliored TsB tu oligminate ponsiible vacdine von-
:ﬂ: tamination with media compouents.  Ulvvatilt-o0 o0 o0 958 ticowth Amicon PH=30
f‘*- memirranes yielded both an ultrariltered (L) ona o retained (R fraction.

{+ Inoculation of untreated TSE or its UF or R raction: with IT-1 P, oae
::.'. produced a final optical density (OD) U ob) tn b a0t untreated

- 1.6 for the UF fraction and 0.8 tov the R troct o, Coiony counts indicate
‘S:; about 1.3 logs less growth in the UF fraction when coapared to untreatod 5B,
dﬁ and 1.7 logs less growth in the K.fraction. Since growth and 'S prodaction

are directly correlated, this indicated that altradiltration was not a good
kﬁ) method for improving Ps yields. Attempus to s 1 UY 0 onpcentration ot TS

*f: gave similar results with both the Ur and & i1t tions or OX TSE showing toor
| _\ growth of organisms. We Jdid, however, isobate e Compocent of TSE that is of
.:{: a aigh enough molecular weight to possibly - e in w voecine, in order to
AN determine if we could assay ror its prescicc in che tinal vaccine rrodact.

‘N The material did not show any o1 the proportio s o nucleic ooids oy proteins,
& gave no peaks by yas-liguid chromatography tor he vresence of carbouydrate
N or lipids, and showed optical aosorbance ol 1o the fow UV range (abott 206 nm) .

j\j Thus, we could not use any of our known tesoo | aisayv 1or abo nrosencoe.

;:: However, as shown below 1n 7, we coeald ooy e o elimination ot this product
‘5 j from our vaccine by usce ot a difterent moleoala siecs colunn.

'

- 2)  Varsiaiddons in the acetic acid sirength used during the Ly
§~; hydrolyses step. In order to remove the toxic s comporent from our vaccine,
*:: we employ hydrolyses ! the crude 'S preparatioe in acetic acid in order to
O cleave the LPS presont into its lipid A and polyvsaccharide (0" side chain)
ag? components. Thesc are then casily eliminated i: subseoment purification steps.

We tound that when c:ude PS preparations arve discolved in 1% acetic acid, o
concentration or accetic acid k-own to be ablic t 0 Cleave purificd LPS into its
componetits,  the resultant pH is about 6., e ol ot 1% acctic acid is 2.8,

we thus tested a rarge of pH values trom 4.0 Lo .2 1or their ettectivencss in

o
Ay

ty
d;

2

Lo cleaving the LIPS while doing least harm to the @2, Jur results (Table V)
Z’”. . . e . .
A show that at a pH above 5,0 there reona’ng detecrable TS in PS5 o reparations
‘3]

L

and at a pl above 5.4 there is cssentially uo loss of LIS e to acetic acad
hydrolyses. The presence o{ LPS was determined by the mnount of serologically
wotive alkali stable LPS determinant remaining aiter treatment. A plh of 4.8
had no effect on the umount of serologically active PS pveuent.  From these
data we concluded that the pH during our hydrolyses step must be less than
4.8-5.0. This usually weans an acetic acid concentracion ot 2.5, Thus, we
find our optimal yield of purified PS to occur when o pH of 4.8-4.9 is used.
This leaves us with scrologically active, immuucgendco PS utilizing the least
harsh treatment to climinate LPS.

3) Use ot a different rolecular sieve colamna. Woe had beep
isolating PS by takirg the void volume fractions of a Gephacex G=100 cotamn,
We tound, however, that this trvaction coul b cost vin moicconle s as amalld an
50,000 molecular woright. ‘fhus the aviadiability o o e pocduct, Sephacyl

o
.:i 5-30u, provided us with .« opportunity to twmptove ot ociceld of hicm molecnalar
:J weight PS free from smaller sized, non-immuncogenico cmponents,  Tiads colian
-:}: also had the added boenetit of allowing a smal! o o1t of dnwinted naterial
:zi to clute ahead of the desired PS tractions. Tho - vreanted materi o may boe
b »

e
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TABLE LV

Effect of pH on RKosidual Cocurrcice o0 HPS |
fcllowing hydrolyses of crude PZ @ reparations

a
Untreated 5 :

.8 5 o
5.5 5 3
5.2 K o

represents logo dilution of trecated prepasation iving
pusitive inhibition of hemagglutination auoay speecitic
for LPS or PS
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a »osidual nucleic woid, LPS, or the moedia coipcrert Ao el Giose.
;'\ There is a small amount of high melecular welain me i compomeent prosent
' in TSB. This matertal (sece ot ove, oo DY will v g She v oo
(’ of an $-300 column of 2.6 X 100 wm ahead o Lhe ¢S oo s Linl s 1y
:- its elimination ifroum our preparation.
= 4)  Use of detined minimal media. e attompted topcorae e 05
}: by yrowth of P. aeruuvinosa in a variety ot minimal meaia with varion; carbon
- sources. All of these media chowed comparable arowth bat thoe growti was
- much less than that in TS. Also, tne DS isolated from these mininal
- media showed no advantage in terms of greater serolodcal ocivity 0
o immuno :nicity, und showed similar chemical compositions and monosaccher Zde
- components with PS isclated rroem T8 cultwoes.  vhis medio, hesvever, was
'$ used to preparc on intrinsically labelied cld vreporation (nee below) .
&_ C. Progress oif aApproval for Haman '‘lesting
<
“r
- As noted in sectionr A above, we have [ recasod e gabimstted to the
:i Burecau of Bioloyics (Bob) of the FUA Form 1577, oo licatien tor Terting an
- Investigational New Drug in liumars.  Phe s oagor o s WHE v s e
3 princinal investigator, Gerald . Pier. Whe spesor bas cbhrarned FDA Foam
- 1572 from the clinical investigators, Drs. Donmis Lo Fospoy and Jo Meheod
_{ Criffiss, who will administer the vaccine in buman tirjcis.  The sponsor has
:~“ notified the U.S. Army Investigational Drug Reviow toard tinough the ofgoe
- of The Surgeon Generul as well as the Chict op tae Juwan b Revoes Oftiee of
;} the U.S. army. Finally, Dr. bdward i. Kass, Dircctor of he Jnarvning
e Laboratory has been notified and will proceed with hig roview o Che tres
& clinical safety and toxicity studies in animals 1o Fo cormeioing thee
-, human trials.  “opiles ot the DA forms and notitications are oppeondded to chis
& report,
N
:- The current contract runs through 31 Decemier 1920, Wo anticipate initial
Y haman trials of the PS vaccine to commence in Sortembe., foilowing the ex-
piration of the 30 day waiting period required by the DA following submission
:f o! an IND application und commencement of human testing. ‘1he completion of
o the .irst part of Phase I trials is expected by the expiration date of this
:i contract.
.
3 b. Proyress on LDevelopment of Serologicad Assay s
T
T Wwe have successfiully developed an casy to torooim, hialily rop-otucible
i radicactive antigen binding assay (RABM) o meacaive the e tesponse ol
_: immunized animals and humans to the IT-10 PE wvaccne. rem our studies; on the
{ giowth of P. ﬁSEEEEDP?J in g minimal salts medi.  (oee -t b ove) we dfeci-led
)

.

to cnploy a media coentaining 0.7% KoHPO 020 oy, Dot Mg Son,
(Nt ) 9SOy, 0.01% ored 20 MO of cib Sodimm aeetar o prodieee antrinsicatly

labelled PS. The resultant 18 was serclogicad i, cod chewmic Tly simitoee to

“

previous PS preparations and had a specibic acrivity of GO0 CPR, g the

N '; »1@.7. RO
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RABA assay employs 150 cpm ot the clv Labeited =1 v v 0 L, an
100 k1l of serum. Corrclation coefficient caleul tioas o the poroont
binding of immune mouse and rabbit sera waith the oo, aitisody concen-
tration of these immune sera gave an o vasrve oo 0.0, thus allowir g us
to compute the Lqg,/ml of antiboly tound in rabbit od wouse sera. The
test is sensitive enough to allow us tc be able o predict trom the
results whether or unot an  animal is immune or et desune G0 challenge
with the live, honologous IT-1 oryanism. We 1o cuarrentty beainning
studies ¢n human sera with this assay. 4 staly -t J € norwmal numan sera
revealed a binding percentage range of 0-5005, il

less than 20% binding. Thus, this prelimitary o3t irdicotes a low
prevalence of antibody t the vaccine amonast neocmal Tuomaer beins.

oGSt thie seca showineg

We are currently in the process of develo; itg an endyme linked
immunoabsorbent assay (ELISA) for determination of antibody lisae, and an
opsonuphagocytosis assay for determination of wrniibody tanction.

E. Progress on the Analyses of the Lmmunologi:: Response o Mice to PS
Vaccination.

We have previously shown that the CiH strain of mouse i1s 4 good anti-
body producer in responsc to immunirzation with 1 wg ot tihe 1T-1 00 vaccine.
Another nouse strain, BALB/C, is a poor responder, showing only a minimal
antibody response tec a 50 Lg dosage. Thesc antibody roesponsces have been
measured by the local bhemolyses in gol, or plowwe cormang oeld (DFC)
technigue as well as by our RABA.

Over the past vear, we have perrorned thie o Jooving expeciments:

1) Assessmont of the dose-rosponss curve oo various leta of IT-1 DS,
Wo have found that a 1 pg dese of IT-1 PS8 14 usuebliv ~he ninimal dosce
nee led to induce a good immunce response in JUH orwice.  Aithough higher doses
(up to 500 npyg) of IT-1 IS may produce more uni~orm responses (Yabloe V) in
groul.s ot individnal mice, there appcars te Le uo gain in terms of ab olute
areunts of antibody by using these 1acocazod dos. s,

2) Assessment o1 thymus dependency ol IT-1 PSS antigens.  Many poly-
i VA?
saccharide antigeus uare so called T independont antigens because they do not
J i y

require the presence of helper T cells for inducticn of an immune response !
(2). 1T-1 PSS, however, appcars to be 3 T=depamicat antigen because treatment !
of mice with antilymphocyte serum, known to Fnodk out T cells, reduces by

80% the PFC and RABA resp se of C3H/AND mice (Iable vl) .

3)  Genetics of the rasponss toe IT-1 F5oirummanization. ¥y mice of
BALB, T XC3l and C3H X BA13/C crosses woere 1l touna to be guod responders to
tmmuniization witih IT-1 PSS (fable vI1). Interestingiy, both male and female
mice with C3H mothers showoed o significantly higer response to the I7-1 PS
immunizaticn than did similav Iy mice with oALE o mothers. Othes workers
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- Serwun antibody Responses in C3H/ANE mice

LS following immurnization with It-1 08
e . ) e
‘fn_'..

DOSE (ug) N S G R MR D

Lot Vi1 Lot VI-ITT

ol

0.5 2.0 2.0

i.n 1.1.8 13,6

10.0 17.9 ND

50.0 18.2 15.5

100 21.2 16.3

250 ND 14.8

P 500 ND 16.9

1‘-

-".:.' a , )

- e represents averadge ug/ml of antibody increase over pre-
Y . .

Pl immune levels for 5 mice

_-.'.-

- b )
[ ] ND - not determined
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TABLE VI

Effect of administration of anti-lymilocytc serum (ALS)
on C3H/ANF mouse immune response to 1T-1 28

ANTIGEN DOSE

TREATMENT EFSHONSE

ug byl

Nms*
1.0 ALS

NMS 19.1

50.0 ALS 5.2
a

NMS - normal mouse serum

represents average lncrease over pre-inumuic loviels of
ug/ml antibody for 5 mice

AN G
” i o




SO RN M ACAE A st NEAMEING SR 2 bt bl ST iy e e N S NIRRT E ST IR TN e
o
W2
<, 12
e
WA
o
-~
\-... . .
5N TABLE VTl
A

—
-
'

»

L

Response oi J3 x Lalb,/ ¢ (- 1 and

Balb/¢ x C3H(CC3) F] mice to i ouc ot {T-i S

.

_--
A

N . e et e e e e _-
1Y 2
\
SERUM
A P ANT F TUDY
e STRAIN SEX STHRNON ag/mlb
\.-'
o cc3 F? P 14.1°
-
o
W, cc3 M AR 13.9
g 130 r ) 42.4
)
e C3C M 7195 49.8

LA

¢

(A

ol X3
'

3 ‘--. a
L F = female, M = male
B represents average number of plaguc 'ornitg cclls/snleen
from 5 mice
. represents average increase in ug/ml over ore-immune level

for 5 mice
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have shown the existence of a "materual" oriect on Lthe 1resence of basal
serum levels of IgA (3), and we arce curvently ox;loring « possible relation
to this effect with the immune tesponse to our vocsine. We have recently
shown this effect still holds at o months of age 1or these mice, although
N male F) mice with Balb/C mothers showed less of o represied response than
.4 did female Fj} mice with Balb/C mothers whern comparedt to cither wale m
:Q& tfemale mice with C3H mothers.
AN
TN A secound parameter of the gunetic bavis o the ro qjonse of mice to
J the IT-1 PS5 antigen was explored using mice witt dit e ont H-2 types and
L, mice congenic with C3H mice except at the I'=2 1o uys.  Taule VIII chows no
correlation of H-2 type with response, sin o Coii /89 mice o1 a difreront (-2
type were good respenders, whereos AKK,Jd ard b ) mice, Loth possessing the
same H-ZK type as Cii/ANI mice, were jour reosgoiders,
-+) Deteimination of protective meciani ~ in Balb/C mice. The poor
antibody response of Balb, C mice to immuni:. vi v yvith TT-1 PS led us to
N investigate if the jrotective mechanism toilowirn g mounization was cell
290 mediated or humoral (antibody) mediated. .. ve - cansfor ot 0.5 ml of
] L: immune Balb/C secrum, was, in iact, capanle . ont Lo lng protection (Table IX).
“HAY Adsorption ot this scra with IT-1 organisne; bie rjated 105 protection.  The
. large amount of scrum needed reflected tie low level of antibody j resent in
'_f this sera. Passive transfer of immune Bail 7 51 .cen cells also were
;}2 effective in conferring passive protection to Live orcatnesm challenge (Table
e X). A large number of cells had to be trans oroced in order o coenter tne
@‘} protection. Non-immune spleen cells were ineii-ctive. An cttompt to define
el the cell type involved in this protection was weovrten by treating Balb/C

spleen cells with either anti- mouse Ig and compiement or anti-theta scerum
and conplement, to kill B cells and T celis respctively. The results

(Table XI) suggest that a theta sensitive cetl jo involved in passive pro-
tection, but unfortunately the results vid not 1cach statistical significance.
These experiments are being repeated using hivgher cell numbers.

- An interesting and potentially use ul handje getting at the problem
of cell nvdiated immunity in response to imwuii <t ion with 1IT-1 PS has peen
discovered by the principal investiuator. Palb’/< mice given a sub-immunogenic
(1 ug) dose of IT-1 PS and 75 pg of the divg Viagblastin ire protected against
challenge 7 days later with the live, (omologo s 17°-1 . .eruginosa organisms
(fable XII). This protection is specitic fer -1 ornanisas (Table XII), and
wn be passively trunsforred to nor-immunc mice with 1o/ 4pleen cells. This
cell number is almost a log less than the rurber o1 cell: rteeded to confor
passive protection when no Vinblastin is given (Tabvoo X1) . FPurtlhermore, we
have shown in over 59 individual Balb/C wice tiiie o 1 g dose of 1T-1 PSS dees
not induce measurable antibody in this mouse strain, cven it given with
Vinblastin. Current ~tudies are underway to determ:ne the kinetics of Vinblastin
and antigen administration in inducing this pheiomenon, the cell type involved,
and the mechanism of enhanced immunity following Vinblastin treatment.
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TABLE VIIT1

- e e e e 4+ i w4 T m e e = — e & e mee s - S .

Regponse of Various Congenic Modoe Sitrains
to a 1l ug dose of 1° =1 g

ANTTBODY PESPONSE

STRAIN Ho2 TYvE o
C31i/ANF k 19.4"
o C3H/SW b 18.2
't:.':.: AKR/J k 2.1
¢57,BL b 1.9
C57/Br b 1.5
c58/3 k 1.0

represents average increase of 5 mice in ug/ml of antibody
to IT-1 pPS
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.‘.f TABLE X
{s

o - TTTmTr eI e Tt T o TTrm T
‘\
10 Passive Protection of Balb/c¢ Mice with Nornal Mouse

-:.: Serum (NMS), IT-1 PS Immunc Mousce Scrum (IMS)

- and IT-1 PS lmmune Mous<e Scrum aducrbod with

IT-1 P. g_qg_qg}nosa (IMS--L )

—

L)
" ‘l 'l ." .
R AN

7

AMOUNT NO. SURVIVGR:
SERUM _(ml) ___ TOlAlL 1

-
[ . 0"

NMS 0.5 0/5 0

Gttt

LAE 7T,

gk

IMS 0.5 5/5 100

IM5-ads 0.5 0/5 0
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TABLE X

Passive Transfer or Immunity in balb/C mice
using IT-1 PS Immune sSpleer Cells
(ISC) and Non-Imnmune Spleen Cel o (NTSC)

IsC

NISC

NO. HURVIVLES PERCENT
NO. CELLS TOTAL

X 10’ 2/5 40

o

4 X lO7 S 40
"/ . i
8 X 10 EYAP 100

8 X 107 U, 5 )
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TABLE XI

’l

,«‘
A -

.. Eftect of Anti 1g and C' and And i 'aeta

~. and C' on Passive Transter o lmuersity

-: in Balb,/C mice using IT-1 D

S Immune Spleen Cells (i)

\

-__\'-‘ o). PERCENT
- CELLS TRUATMENT NO. CELLS SRV IVORS SURVIVORS

l\ IsC None 5 X lO/ 3/6 50

;
- 1sC Anti Ig + C° 5 X 10 2,0 5
40N

. 7 .
-g\ ISC Anti Theta + C' 5 X 10 1,6,

NIsc? Nohe 5 % 10’

o . -
NISC - non-immune spleen cells
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. TABLE XII

2T Active Immunization, Speciilicity, and

Passive Transfer with Immune $pleer Cells (18Q)
and Non-Immune Spleen Cells (NISC) ot Balb/C

e Mice yiven 1 pg IT-1 PS and Vinb'.stin (Vin)

- CHATL ENGL KO,
: ANTIGEN AMT. VIN. AMT. ORGANTSM SUEViIVORS PERCENT
(ug) (ug) {IMMUNOTYPS) _POTAL SUFVIVURS

S 1 75 IT-1 R 17,8
1 - IT-1 05 §]
g 0 75 IT-1 /5 0

1 75 IT-2 s 10
: 0 75 Ip-2 05 0

1 75 IT-3 175 20
..": 0 75 IT-3 0/5 0

1 75 IT-4 2,5 40
oy 0 75 1T-4 U/ 0

1 75 IT-6 05 0
0] 75 IT-6 1.5 20

; IsC 1 X 10 IT-1 10/10 100

- a . .
ISC - immune spleen cells; NISC - non-immune spleen cells

LRSS
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5) Basis of responsiveness of mice to LPS immunization. IT-1 PS and
LPS share common serologic determinants, making i1t difficult to preclude the
occurrence of LPS in PS preparations as being re:ponsibie ror the PS' immuno-
gen.city. This determination is further hamper.d by the very low amourts
of P. aeruginosa LPS needed to induce an immune response in mice (1).
We therefore attempted to use C3H/Hed mice, whiuh are genctically unresponsive
to LPS from enterobacteriaceae, as a means of mcasuring tho occurrence of

LPS in PS preparations. Our results are prescuted in the atteched manuscript,
which has been submitted to the Journal of Immuncloay. Brietly, we found
C3H/HeJ mice to be responsive to the toxic, imriirogenic and mitogenic properties
of P. aeruginosa LPS, thus making these mice untenable experimental tools for

the assessment of P. aeruyginosa LPS contamination oY our PS. We therctore turned
to Balb/C mice to Eét at this problem. Ballb,/C nice sre excellent responders with
antibody to P. aeruginosa LPS (Table XIIT). Wwe therviore made a mixture of

0.01 pg LPS with 100 ug of PS and gave this to BEalb/C mice. Table XIII shows
that mice given 0.01 pg of LPS had an averaye percentage hinding of 81.4% in

the RABA 5 days following immunization while mice given 100 uyg of IT-1 PS

only had a binding of 5.0%. Mice given the mixture of P$ and LPS had a per-
centage binding of 37.0, lower than that of the LPS alone but significantly
higher than that seen with the PS alone. These data indicate that there is

at least less than 1 part in 10,000 of LPS in PS preparations. Further support
comes from the data in Table XIV which describes the dose response curve of
C3H/ANF mice to IT-1 PS and LPS. These mice require higher doses of LPS

(about 0.05 pg) to make good antibody response to LPS. Lower doses are in-
elfective. These mice also show a good response to PS at 1 ug. The requirement
of 5% as much LPS as PS for an immune response in these mice is well within

our capabilities of detecting LPS in PS, and since chemical studies indicate
less than 1 part in 1,000 of LP5 in PS, we feel confident that the immune
response seen in mice to PS is not due to LPS c¢ontamination.

F. Progress on in vitro Cellular Studies

In vitro studies on the ability of IT-1 P35 to stimulate mitogenisis in
spleen cell cultures were undertaken. Table XV shows the dose response curve
of spleen cells, measuring the incorporation of tritiated thymidine, to IT-1
PS and LPS. PS was found to be mitcgenic for spleen cells from C3H mice,
but required about 10 times the amount of LI'S necded to produce maximal
mitogenesis. Treatment of these spleen cells with either anti Ig or anti-theta
sera and ccomplement (C') knocked out the PS milogenicity, whereas treatment
with anti-Ig only kuocked out the LPS mitogenicity. Treatment with anti-theta
sera and C' knocked out the Con A induced mitogenicity (Table XVI). The loss
of PS mitcyenicity by knocking out cither L (anti-Ig treated) or T (anti-theta
treated) cells surggests that PS is a B cell mitogen requiring T cell help
for this. The B cell mitogyenicity of P. aeruyginosa LPS is consistent with
the reports on the mitogenicity of other LPS' (1), and tho data on the Con A
control indicates that the T cell mitogenesis vwiiect wa: indeed lost following
anti-theta treatment.




-
PN

‘
P
. )

T
v N
[ R

¥
s

Wy
AL

PANK
e

—

"
.
¢

-(c"J‘~

'h

MM
v '
s

b2y v

bl
“-' A
TR U]
D W L

Iy A

‘.
o,

peaa
s T & 1 4 a
L

W P
o

Sl

3

TABLE XIII

Immune Response of Balb/C Micc to Immunization

with IT-1 LPS, PS,

and a Mixture

of 0.01 pg IT-1 LPS in L0V py IT-L PS

ANTIGEN
LPS

LPS

PS

LPS + PS

AMT. PERCENTAGE BINDING
(ug). 1N TUE RABA
0.01 81.4
1.0 09,2
50.0 5.0

0.01 + 100 37.0
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TABLE XIV

Dose Response Curve of (3HANF Mice

to Immunisation with IT-1 LS .nd IT-1 DS

ANTIGEN DOSE_(1:9). s /mL FANTIEODY
PS 0.5 - o0t
PS 1.0 135.6
PS 50.0 15,5
LPS u.,01 2.0
LPS 0.05 5.5
LPS 0.50 31.7
LPS 1.0 44.1
a

represents hy/ml or antibody over pre-immune
levels from an average ot 5 miae
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n TALLE 5V

Mitogenic Response of C3H/AND Mousce
Spleen Cells to Various Doues of
L) IT-1 PS and 10-1 LbS

B e
AL 3
AR AMT. ChMoOQF HT

s -

T ANTIGEN {pg/ml) ANCORIORATED

{ _ PS 5 1,692
i PS 10 1,097
i‘v PS 50 14,300

2o LPS
LPS

0 B2
2
o LPS 5.
5
0
0

5
5 19,040
N 0 18,347
S LPS 25.0 24,332

2 LPS 50.0

' 00.0

23,822
K /\ LpPS 1

23,817
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TABLE XVI

Effect of Treatment of C3IH/ANF Mouse Spleen Cells
with Anti Ig or Anti Theta and C' on Mitogenicity of
IT-1 LPS and Concanavilin A

TREATMENT

2nti
Anti

Anti
Anti

Anti
Anti

Theta + C'

Theta + C°

Theta + C'

MITOGEN

PS
PS
PS

LPS
LPS
LPS

Dosy CPM 1~
EJL:X_“.]; INCORPORATED
50 l‘;, 000
50 107
50 39
28, 17,000
a4 600
25 4,000
1 993,000
] 6,000

€79




TABLI: XVIiL

Protection of Burned Mice by
IT-1 PS Vaccination

o IT-1 PS AMT. MOUSE NO. SUKVIVOKS PERCENT
o (ug) STATUS o TUSAL SURVIVAL
! 0 Not burned U5 0
N 50 Not burned 5/5 100
-
g
N 0 Burnecd 0/5 0
~- 1 Burned 0/53 0
) 50 Burned 0/52 0
~
L
'-:.
-7
2 in these groups there was 60% survaival at 48 hr. as compared to
¥ 100% mortality at this time in the group given no antigen.
( However, all mice were dead by 5 days in these groups.
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G. Progress on PS Vaccine Efficacy in Animail Models,

We have attempted to assay the efficacy of the P8 vaccine in a burned
mouse iodel and in preventing pneumonia reclated death in guinea pigs.
Dr. I.A. Holder of the Shriners Burn Institute in Cincinnati, Ohio, tested
a PS preparation we made from his mouse strain M-2 of P. aeruginosa in
burned mice. Although this preparation had gcod efficacy in protecting
non-burned animals (Table XVII), it only slightly prolonged the time to
death when tested in burned animals. Since we ase not studying M-2 PS
but IT-1 PS, we have sent IT-1 PS to Dr. Matc P llovk of th. Uniformed
Services University of the Health Sciences for testing in burned animals.
Results are pending.

Dr. Jim Pennington here at Harvard Medical School iins been testing
the IT-1 PS in guinea pigs as a means of protecting cualnst a P, acruginosa
induced pneumonia. The PS, however, is totally non-ipsaunogenic in guiﬂgﬁ
pigs, as measured by humoral imnunity, aad thercior. has not proven effective.
However, IT-1 LPS, which is serologically simila:r to I7-1 DS, is effective
in producing protection in guinea pigs. We theretore teel that the lack of
immunogenicity of PS in guinea pigs is the problem herce, and not the efticacy
of antibody directed to the PS determinants. Guinea plys are known poor
responders to polysaccharide antigens, and their lack of response to doses
as high as 1 mg of IT~1 PS attests to the lack oif LPS in this vaccine.
We are currently attempting to raise a high titered rabbit antisera to IT-1
PS for use in passive transfer studies of guinea pig pneumonia.

R
e
AN

» % " s
A
[ N A

e
2@

YhNS
ot

>

‘.ﬁ,

AR S SR S AL




{
G

Y
[l ‘ l"l'..“.‘.

B e »
R N AR | Yl
[l . ‘.A‘.I'. ’:‘ ". . ’(‘ ".

PR

) A )
éﬁbﬁ?

Refeoerences

Pier, G.B., H.F. Sidberry, S. Zolyomi wnd J.C. Sadefi. 1978,
and characterization of a high~-moleculuar-weight polysaccharide from the
slime of Pseudomonas aeruginosa. Infect. Immun, 22:903-918.

amsbaugh, D.F., B. Prescott and P.J. Bakct. 1978. BEfrect of splencctomy

on the expression of regqulatory T cell activity. J. Immunol. 121:1.183-
1485,

Popp, D.M. 1979. Basal serum immunoglobulin levels I1I. Interaction of
genetic loci and maternal etffect on regulation of Iua.
292,

lmmunogen 9:281-
Glode, L.M., 1. Scher, B. Osborne anc¢ D.L. hoscenstreich. 1976,

mechanism of endotoxin unresponsiveness in C3H/Hed mice.
116:454-461.

Cellular
J. Immunol.

BeT AT LIRS TR TS

G R RIS ' i‘.‘!'-'l‘. L o \'

[colation

W

i




]
N

»
e el

P
h )
v I{' l’_'l

XX

D)
'Y »
Ly
» '-‘:“
..

.
»
5
2,
LS A Ih4

'.
‘o

L4
s -

¢ el@
L0,

o
AL N Ay A NN A

Bz R adng
Ii" ‘f (.
o s

I’ yil
!',l*

D%
R
A

Oy
WSS

*"

. B N L R A Rl LI SN R L S T TR L R T
.’r.’f\f..f\fﬁf,.-'\f.\-:\ Ladus N .’«',.qf._; e e L st v St

L |

1-85 |

";'I?f:);":?a
NN X

RN DU I AT 2SS RTINSO AR Tt T R
O N A R AN R RO N A P
I AT S S A S AN R Y LN ..'n. LIS
PEALYRT AT L AR AR N IR AT A A AT e L S 2



